Abstract: Various exercise interventions have been shown to benefit weight control and general health in different populations. However, very few studies have been conducted on martial arts exercise (MAE). The objective of this pilot study is to evaluate the efficacy of 12 weeks of MAE intervention on body composition, serum biomarkers and quality of life (QOL) in overweight/obese premenopausal women. We found that subjects in the MAE group did not lose body weight, while they significantly decreased fat-free mass and muscle mass as compared to those in the control group, who demonstrated an increase in these parameters. The MAE group demonstrated an increase in serum IGF-I concentration, but no change in others. MAE may be a feasible and effective approach to improve body composition and QOL in overweight/obese premenopausal women. Our study underscores the need for further studies using larger samples to establish possible benefits of MAE in various populations.
Introduction
American women (mainly premenopausal women) typically gain 0.5-1 kg yearly.
1,2 Such weight gain, mainly in terms of fat gain, [3] [4] [5] leads to an increased prevalence of unhealthy weight and obesity with age. 5 Excess adiposity, particularly excess abdominal fat, has been shown to increase the risk of morbidity related to a number of health conditions, including cardiovascular diseases and type 2 diabetes.
6 To achieve weight control, both the prevention of further weight gain as well as the stimulation of weight loss are important for overweight/obese women.
There is an increasing body of evidence suggesting a connection between chronic inflammation and the development of obesity. 7, 8 A study shows that significant decrease of body weight lowers C-reactive protein (CRP), the prototypic biomarker for inflammation. 9 However, substantial weight loss may cause bone loss and resulting in bone fragility in middle aged and older obese women, 10, 11 irrespective of current weight or intention to lose weight. 12 Weight loss of 5-10% is associated with a decrease in bone mass and an increase in bone resorption in obese women. 13 Therefore, it is important to sustain optimal bone health during weight loss.
Although the etiology of the rising prevalence of obesity is still not well understood, lower physical activity level has been linked to greater weight gain, 14 and higher physical activity level to greater weight loss and better weight-loss maintenance. 15 Various exercise programs have been shown to benefit weight control, promote weight loss, 16, 17 prevent percentage body fat and intra-abdominal fat increase, [17] [18] [19] and improve lipid profile, 17, 18 physical function, 20 and quality of life (QOL).
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Among various types of exercises, martial arts exercise (MAE), a form of aerobic exercise, has been gaining popularity. Unlike traditional martial arts involving full contact sparring as an important part of the training, MAE can be implemented as a non-competitive, safe, individual exercise without any body contact between participants. The advantages of MAE over other types of exercises include the following: (i) it is one of the highest calorieconsumption exercises 22 ; (ii) it combines trainings in endurance/aerobic, strength, stretch/flexibility, and balance/coordination 23 ; (iii) its intensity is easily adjustable for different levels of physical capability; (iv) it requires no equipment; (v) it can be practiced in a limited space. A recent review established a relation between karate and low body fat in male athletes, but studies on females are scarce. 24 One of the most studied martial arts for health related outcomes is Tai Chi, which has been shown to improve quality of life, 25 reduce stress 26 and be cardio protective.
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However, Tai Chi is an "internal" (or "soft") style of martial art that features slow, gentle, and flowing movements and are different than the commonly known martial arts ("external" or "hard" styles) characterized by fast and explosive movements with a focus on physical strength and agility 28 that the current MAE is based on. No study has been conducted on the impact of MAE in overweight/obese premenopausal women.
This pilot study was designed to evaluate the effects of 12 weeks of MAE intervention on body composition, serum bone biomarkers and QOL in overweight/obese premenopausal women. In addition, obesity-related parameters including lipid profiles, insulin-like growth factor-I (IGF-I), leptin, and CRP were also assessed. The population of overweight/ obese premenopausal women was selected because they are at risk of continued unhealthy weight levels/ obesity beyond menopause, and because of expected better adherence to the MAE intervention due to possible higher interest and physical capability than postmenopausal women. We hypothesized that MAE exercise would improve body composition, favor bone turnover biomarkers (increasing bone formation and decreasing bone resorption), reduce inflammation, and benefit lipid profiles and QOL in the overweight/obese premenopausal women.
methods experimental design
This was a 12-week assessors-blinded pilot randomized controlled trial to investigate the efficacy of MAE on obesity-and bone remodeling-related parameters in overweight and obese premenopausal women. The outcome measures were body composition, bone biomarkers including osteocalcin (bone formation biomarker) and C-terminal telopeptide (CTX, bone resorption biomarker), serum cytokines including IGF-I, leptin, and high-sensitivity CRP (hs-CRP), serum lipid profiles, and QOL. The assessors were blinded to the participant's treatment group assignment. Outcome data were collected at the baseline, 6 and 12 weeks. Dietary intake and physical activity data were collected at baseline using a 3-day food intake survey (Food Processor SOL edition, version 10.0.0, ESHA Research, Salem, OR) and the Godin Leisure-time Exercise Questionnaire, respectively.
Since this is the first study to explore MAE's impact on overweight and obese premenopausal women and no existing data is available, we used Cohen's effect size index 29 and estimated the required sample size to 50 subjects. With an anticipated attrition rate of 20% over 12 weeks of intervention, the final sample size would be 40 subjects (n = 20 per group). This sample size may detect a moderate to large effect size at an α level of 0.05 and 0.80 power.
Participants
Participants were recruited through local television, newspaper advertisements and flyers. Inclusion criteria were premenopausal women ($30 years old) with regular menstrual cycle, body mass index (BMI) $25 kg/m 2 according to the WHO's definition of overweight, stable weight, non-smoking, no previously diagnosed cardiovascular, kidney or liver disorders, or diabetes mellitus, and sedentary daily behaviors (,20 min of aerobic exercise, 2 times/week). 30 Exclusion criteria were the following: (i) history of metabolic bone diseases or treatments that might have influenced bone turnover; (ii) use of any weight loss medication, supplement, or program within the last 3 months, (iii) a history of any weight-reducing surgery, (iv) cancers, except for skin cancer, (v) taking any lipid-lowering drug or medication, (vi) uncontrolled intercurrent or terminal illness, or physical condition that would be a contraindication to exercise, (vii) unwillingness to accept randomization, and (viii) pregnancy based on self-report.
Qualified participants gave their written, informed consent and were then randomly assigned to the control and the MAE groups at 1:1 ratio. All participating subjects were asked to maintain their regular diet, medication if any, normal daily activities and lifestyle throughout the study period. At 6 and 12 weeks, subjects were asked to document any deviation of dietary intake and physical activity from the baseline. This study was approved by the local Institutional Review Board.
Treatments
Participants in the MAE group met for 60 minutes per session, for 3 sessions per week on non-consecutive days, for 12 weeks. Each 60-minute exercise session consisted of 10 minutes of warm-up exercise, 40 minutes of MAE, and 10 minutes of cool-down exercise. The MAE program, developed by Chyu, 28 was structured, systematic, comprehensive, and suitable for a general population of different age groups and physical conditions. The curriculum featured a non-competitive, noncontact, safe and fun personal/group exercise based on traditional martial arts training, covering a wide spectrum of techniques of hand strikes, kicks, elbow strikes, knee strikes, blocks, their combinations, take downs/ throws, and self-defense, in addition to warm-up and cool-down. There are different styles of martial arts, but many of them share common techniques. The current MAE covers these common techniques taught in major styles of martial arts such as Taekwondo, Karate, Kung Fu, boxing, Kickboxing, Muay Thai, Judo, Aikido, and Jujitsu. MAE class attendance for each participant was recorded to calculate the attendance rate as the number of sessions completed divided by the total number of sessions prescribed.
Participants wore commercial heart rate monitors to quantify exercise intensity and to ensure a moderateintensity exercise workload. Recent reviews of clinical evidence indicated that moderate-intensity activity effectively prevents obesity. 31 For moderate-intensity physical activity, the target heart rate should be 50 to 70% of the maximum heart rate which was estimated by subtracting the age from 220. 32 The heart rate data during exercise always indicated a moderate-intensity exercise workload, and the heart rate monitors were set to beep if the heart rate reading falls outside the target range. Participants who were in the control group were asked to continue their regular activities throughout the study period.
Adverse events
Participants were questioned about the occurrence of any adverse event, including pain, malaise, and more serious conditions that may be related to the MAE intervention, before and after each MAE session. The MAE instructor also monitored participants during the exercise sessions for any sign of adverse event. All observed or volunteered adverse events in both groups were recorded.
Measurement of outcomes
Body composition including body weight (BW), fat mass (FM), fat-free mass (FFM, the combined nonfat body mass including muscle, bone, skin, organs, etc.), total body water (TBW), musculoskeletal muscle mass (MM), and bone mass (BM) were determined through bioimpedance measurement (SC-331S Body Composition Analyzer, Tanita Corporation of America, Inc., Arlington Height, IL, USA). Body height was measured with a stadiometer installed on the bioimpedance machine, and body mass index (BMI) was calculated based on body height and mass.
Serum osteocalcin, CTX, and IGF-I (Immunodiagnostic Systems, Inc., Scottsdale, AZ), leptin (GenWay Biotech, Inc., San Diego, CA), and hsCRP (ALPCO Diagnostics, Salem, NH) were measured using respective kits. Serum lipid profile including triglyceride (TG), total cholesterol, and high-density lipoprotein (HDL) were analyzed by Quest Diagnostics (Irving, TX). Low-density lipoprotein (LDL) was calculated using a formula (LDL = total cholesterol -HDL -TG/5.0 (mg/dL)).
The SF-36 survey (version 2) was employed to assess general health status and QOL. 33, 34 It consisted of 8 domains: physical functioning (PF), role limitation due to physical health (RP), bodily pain (BP), general health (GH), vitality (VT), social function (SF), role of limitation due to emotional health (RE), and mental health (MH) in the conduct of daily activities.
Statistical analysis
Statistical analysis was performed using SPSS Statistics (version 20, IBM Corp). Descriptive statistics (e.g., normality) for each variable at the baseline were determined to justify parametric or non-parametric methods. All continuous variables were expressed as means ± standard deviation (SD) unless otherwise specified. Therefore, only the baseline and the end-point data were analyzed and presented. Preliminary findings showed no statistically significant differences of demographic characteristics between the subjects who withdrew from the study and those who completed the study; hence, we only presented and assessed the results of those who completed the study based on a per-protocol analysis. Independent t-tests were conducted to compare the differences in outcomes between the MAE and the control groups at the baseline and 12 weeks (end) for preliminary bi-variate assessment. The change of each outcome between the baseline and the end-point was calculated and also analyzed by independent t-test. All outcome changes were analyzed using MANOVA procedure to determine differences between groups while controlling for age and BMI. Results were considered significant if p , 0.05. Figure 1 shows the study flow chart of participant recruitment and retention. 24 subjects participated in the control group and 23 in the MAE group at the baseline. 14 subjects dropped out (7 in control, 7 in MAE) before completing the intervention, due to family, job, personal, and schedule issues. Baseline characteristics were similar between the control and the MAE participants who completed the study ( Table 1 ). The adherence rate for MAE classes was 83.4% (ranging from 50% to 100%). The adverse events due to study treatment reported by the participants included minor muscle soreness, and shoulder and knee pain only during the first two weeks of intervention.
Results
There was no significant difference in BMI and body composition parameters including BW, FM, FFM, TBW, MM, and BM between the control and the MAE groups at baseline and 12 weeks ( Table 2) . The pre-to-post changes in FFM (p = 0.007) and MM (p = 0.022) were significantly different between the 2 groups, with a decrease in the MAE group as compared to an increase in the control group (Table 2) . Table 3 shows no statistical difference in the serum biomarkers and lipid profiles between the 2 groups at baseline or 12 weeks. Over the 12-week intervention, there was no significant difference in the pre-to-post change of any serum biomarker and lipid profiles between the 2 groups, except the pre-to-post change in serum IGF-I (p = 0.047), with a decrease in the control group whereas an increase in the MAE group.
Data in Table 4 show no statistically significant differences in any SF-36 subscale between the 2 groups at baseline. At the end of the intervention, there was no significant difference in PF, BP, or GH subscales between the 2 groups, while the RP (p = 0.03), VT (p = 0.03), RE (p = 0.03), and MH (p = 0.02) scores were higher in the MAE group than control. The pre-to-post changes in GH (p = 0.001), VT (p = 0.009), and MH (p = 0.006) were significantly different between the 2 groups, with a decrease in the control group as compared to an increase in the MAE group.
Discussion
This pilot study was the first to explore the MAE intervention in overweight and obese premenopausal women. Results of this 12-week pilot study suggest that MAE tends to modify body composition, elevates serum IGF-I levels, and improves QOL.
According to the 3-day dietary intake data collected at the baseline, there was no difference in caloric intakes (1058 ± 524 Kcal for the control group versus (vs.) 1062 ± 645 Kcal for the MAE group) and major macronutrients between the control and MAE groups (p . 0.05) (data not shown). At the end of study, all subjects self-reported that they have maintained their regular diet, medication, normal daily activities and lifestyle (except for MAE intervention in the MAE group) throughout the study period. Therefore, the differences in the outcome parameters should be due to the intervention.
In the present study, there was no difference in any body composition parameter between the control and the MAE groups at either the baseline or after 12 weeks. On the other hand, MAE intervention did not result in weight loss, as shown by a pre-to-post (0-12 week) decrease in BW (Table 2) , possibly due to decreases in FFM, TBW, MM and BM, although change in TBW and BM did not reach statistical significance. The discrepancy between the data collected at each time point and the data derived at different times (12 week-0 week) could be due to the small sample size with a wide range of caloric intakes (435-2126 Kcal in the control group vs. 322-2711 Kcal in the MAE group) among subjects, reducing the sensitivity to detect the statistical differences at each collection time. Our data also show that the control group gained BW along with increased FFM, TBW, MM, and BM, while the MAE group lost BW without a significant change in FFM. Riesco et al 21 also reported that a 16-week walking program did not affect lean mass in both premenopausal and early postmenopausal obese women.
Low-grade chronic inflammation is one of the key metabolic alterations linked to excessive caloric intake and adiposity, 35 and systemic low-grade inflammation is related to both circulating and adipose tissue tumor necrosis factor-α (TNF-α), leptin, and Data were presented as mean ± standard deviation. Data were analyzed by independent t-test at each collection time. Indicated p , 0.05, ^^indicated 0.05 , p , 0.1. Abbreviations: IgF-I, insulin-like growth factor-I; CTX, C-terminal telopeptide; hs-CrP, high-sensitivity C-reactive protein; LDL, low density lipoprotein; HDL, high dewnsity lipoprotein.
interleukine (IL-6) levels in obese women. 36 Visceral fat is a source of several molecules such as leptin, adiponectin, TNF-α, and IL-6, that are collectively called adipokines. 37 Recent evidence shows that visceral fat in particular was associated with chronic inflammation, whereas subcutaneous fat may be a "metabolic sink" that prevents accumulation of visceral fat and thereby limits inflammation. 38 Ziccardi et al 39 reported that after 1 year of a multidisciplinary program of weight reduction (diet, exercise, behavioral counseling), all obese premenopausal women lost at least 10% of original body weight and such sustained weight loss was associated with reduction of inflammatory cytokines (i.e., TNF-α and IL-6). Fisher et al 40 further demonstrated that the effect of weight loss was mediated by changes in total fat mass or intra-abdominal adipose tissue, and the decrease in total fat mass was strongly associated with decrease in markers of inflammation Data were presented as mean ± standard deviation. Data were analyzed by independent t-test at each collection time. *SF-36 scales were scored from 1 to 100, with a higher score representing a better functioning. A positive change in SF-36 scores from previous time point indicated improvement of symptoms, whereas a negative change indicated worsening of symptoms. ^Indicated p , 0.05, ^^indicated 0.05 , p , 0.1.
(i.e., TNF-α, CRP) in overweight premenopausal women, regardless of intervention assignments (diet, diet + aerobic, or diet + resistance training).
In the present study, after 12 weeks, the serum hs-CRP level in the MAE group decreased, accompanied with a decrease in FM, in agreement with Fisher et al. 40 On the other hand, the hs-CRP level in the control group increased. However, the difference in the pre-to-post change of hs-CRP level between the 2 groups did not reach statistical significance (p = 0.14). The difference between the 2 groups in the pre-to-post change in FM was not statistically significant, which may explain why the pre-to-post change in hs-CRP was not significantly different between the 2 groups in the current study.
One of the purposes in this study was to investigate the impact of short-term MAE on bone turnover biomarkers. Lester et al 41 reported that 8 weeks of physical training increased biomarkers of bone formation without substantial alterations in the markers of bone resorption in inactive young women. Villareal et al 42 found that a 1-year weight exercise program increased bone turnover biomarkers without BMD changes in overweight women. However, the present study shows no change in bone turnover biomarkers in overweight and obese premenopausal women after 12 weeks of MAE intervention. Such difference in results may be due to the age of participants (41 years in our study vs. 20 years in the study by Lester et al 41 and 57 years in the study by Villareal et al 42 ) and length of study. Furthermore, the finding of no impact on bone turnover biomarkers in the present study suggests no deleterious effect of MAE on bone biomarkers. However, a long-term study with a larger sample size is needed to better understand the effects of MAE on bone turnover, bone mass, and their relation with weight loss in premenopausal overweight and obese women.
Evidence indicates that the growth hormone/IGF pathway plays an important role in muscle hypertrophy and strength gain resulting from exercise in adults. 43 In the present study, we did not observe any differences in IGF-I concentration between MAE and control groups after the intervention. Such a result is consistent with reports from Arikawa 44 who found that 16 weeks of exercise had no effect on circulating IGF-I, insulin, and glucose in young women (average age 25 years with BMI range 18.5-40 kg/m 2 ). On the other hand, a significant difference in the pre-to-post change in serum IGF-I between the MAE and control groups was observed in the current study, with a decrease in the control group but an increase in the MAE group. MAE may increase hepatic production of IGF-I followed by elevated circulating IGF-I through the secretion of growth hormone directly or indirectly. 45 However, circulating growth hormone was not measured in the present study. Nevertheless, such a greater increase in IGF-I in the MAE group agrees with findings from Borst et al 36 that during the first 13 weeks of resistance training, circulating IGF-I increased in both men and women (mean age = 37 ± 7 years), and no further increase afterward.
Previous studies show that weight loss and improved physical condition by diet or exercise can bring forth significant health and psychological benefits including QOL in obese premenopausal women. 45, 46 The present results suggest that 12 weeks of MAE benefit overweight and obese premenopausal women in terms of improved QOL. Such results appear to be consistent with exercise studies reported by García-Martínez et al 47 in women with fibromyalgia, and by Adamsen et al 48 in cancer patients undergoing chemotherapy.
The present pilot study is limited in its small sample size and short study period. The mid-point data were not analyzed due to a very small sample size. Based on the 3-day food intake results, the wide variation range of calcium intake (91-1186 mg for control group vs. 121-429 mg for MAE) could have potentially interfered with bone turnover biomarkers. Body composition parameters including FM, FFM, MM, and BM were determined indirectly through bioimpedance analysis, which has been validated but may have measurement errors.
conclusion
The results of this pilot study suggest that MAE for 12 weeks (3 hours/week) is a feasible exercise intervention for overweight and obese premenopausal women, and may have positive effects on weight control and changes in circulating IGF-I. MAE also significantly improves QOL in terms of role physical, vitality, role emotional, and mental health in the study population.
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